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The catalytic effect of carbonate ion was first found by Beck1 regarding the formation of the chromium(III)-thiocyanate complex, and later regarding the formation of the chromium(III)-EDTA complex.2'3 The temporary formation of a chromium(III)-carbonate or chromium(III)-hydrogencarbonate complex was considered to be responsible for the increased reaction rate;1'4 the kinetic method was suggested for determining carbonates in water. 4 Pantaler and Pulyaeva5'6 also found that the formation of the chromium(III)-Xylenol Orange complex was catalyzed by carbonates, and kinetic methods for determining carbonates were reported. The authors6 suggested that the catalytic action of the hydrogencarbonate ion consists of a weakening of the bonds between the chromium ion and the oxygen atoms of the water. They also suggested that this promotes an increased rate of penetration of the ligand into the inner coordination sphere of the chromium(III), accompanied by an expulsion of the hydrogencarbonate ion, which begins a fresh cycle of transformations. Recently, a kinetic flow-injection method for determining carbonate by an indicator reaction of chromium(III) with EDTA was reported. ' During the course of a study on the determination of uranium(VI) by solid-phase spectrophotometry using 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N-sulf opropylamino)phenol (5-Br-PAPS)8 we found that the formation of the Uranium(VI)-5-Br-PAPS complex was accelerated in the presence of small amounts of carbonate, whereas it was completely suppressed in the presence of a large excess of carbonate ion over uranium(VI). The present work describes a kinetic method for determining carbonate by the indicator reaction of uranium(VI) with 5-Br-PAPS.
Experimental

Apparatus
A Shimadzu UV-160A spectrophotometer was used for measuring the absorbance of the uranium(VI)-5-Br-PAPS complex. A 4.5-ml poly(methyl methacrylate) cuvette (disposable cuvette, Sarstedt) was used as the reaction vessel. The cell was always covered with a piece of a Sealone film (Fuji Photo Film), except when a reagent was added. A Hitachi-Horiba glass-electrode pH meter (M7-II) was used for measuring the pH of the solution. A Marusan centrifugal separator (Sakuma Seisakusho) was used to separate phosphate ion after coprecipitation with aluminum hydroxide.
Reagents
All of the chemicals used were of analytical reagent grade. Water was passed through a reverse-osmosis membrane to distill it twice, and was used for the preparation of solutions. A 1.0 mM solution of 5-Br-PAPS was prepared by dissolving the Dotite reagent (Dojindo) in water. A 10.0 mM standard hydrogencarbonate solution was prepared from sodium hydrogencarbonate. A stock uranium(VI) solution, 1000 mgU(VI) 1-1, was prepared by dissolving U02(N03)2.6H2O (Wako Pure Chemical) in 10 mM nitric acid. A 200 µgU(VI) ml-1 solution was prepared by the dilution of the stock solution with 10 mM nitric acid. A 0.2 M solution of CyDTA (trans-l,2-cyclohexanediamine-N,N,N'N'-tetraacetic acid) was prepared from the Dotite reagent, the pH being adjusted to ca.9 with the addition of sodium hydroxide. A 0.2 M aluminum solution was prepared by dissolving KAl(S04)2.12H2O in water. A buffer solution of pH 9.0 was prepared by mixing 1 M ethylenediamine and 1 M hydrochloric acid. A 4 M sodium chloride solution was prepared by dissolving the salt in water.
General procedure for the determination of carbonate A 2.00 ml aliquot of a solution containing less than 0.50 tmol of carbonate was placed in a plastic cell and 55 µl of a 4 M sodium chloride solution, 10 µl of 1 M ethylenediamine and 200 µl of 1 M ethylenediamine buffer solutions were added successively; the whole was mixed quickly by hand. After the cell had been kept at 20° C for 10 min using a thermostat, 120 µl of a 200 µgU(VI) ml-1 solution was added. The mixture was again kept at 20° C for 5 min. A 100 µl portion of a 1.0 mM 5-Br-PAPS solution was added to the mixture, after which it was left standing, without mixing for 25 s. The whole was then quickly mixed and the cell was immediately placed in the cell holder in the spectrophotometer; a cell containing water was used as a reference. Then, 5 s after setting, the absorbance of the resulting solution was measured at 578 nm, that is, the absorbance was measured 30 s after the addition of 5-Br-PAPS. The pH of the resulting mixture was 9.0 and the ionic strength was ca. 0.1. While both carbonate and hydrogencarbonate ions were present in a solution of pH 9, the term of carbonate was used in the text for the total amount of carbonate and hydrogencarbonate ions.
Pretreatment of sample water
After 25.0 ml of a sample solution containing less than 5.00 µmol of carbonate was placed in a 50-ml centrifugal tube, 130 µl of 1 M ethylenediamine and 250 µl of 0.2 M aluminum solutions were added. The tube was then covered with a piece of a Sealone film, and the mixture was stirred for 1 min. Then, 620 µl of a 0.2 M CyDTA solution was added to the mixture, which was centrifuged for 2 min at 1500 rpm. The final sample volume was 26.0 ml and the pH was ca.9. A 2.00 ml portion of the resulting supernatant solution was subjected to a determination of carbonate according to the method described above. Results and Discussion
Effect of carbonate ion The effects of carbonate ion on the formation of the uranium(VI)-5-Br-PAPS complex were examined according to the general procedure by varying the concentrations of the carbonate ion. The absorbance of the reaction solution increased along with increasing concentration of the carbonate ion, and the maximum absorbance was obtained when the molar ratio of carbonate to uranium(VI) reached 10, as shown by curve A in Fig. 1 . The absorbance then began to decrease with increasing concentration of carbonate. The same tendency was observed for the absorbance measured at 150 s after the addition of 5-Br-PAPS, as shown by curve B in Fig. 1 . The increase in the rate of formation of the uranium(VI)-5-Br-PAPS complex was probably due to the temporary formation of a uranium(VI)-carbonate or uranium(VI)-hydrogencarbonate complex, followed by a rapid displacement of the carbonate ligand by 5-Br-PAPS ligand. However, when the molar ratio of carbonate to uranium(VI) increased above 200 the formation of the uranium(VI)-5-Br-PAPS complex was completely suppressed as a result of the formation of stable 1: 2 and 1: 3 uranyl carbonate complexes.
Absorption spectra
The absorption spectra obtained at a fixed reaction time after the addition of 5-Br-PAPS to a solution containing uranium(VI) in both the presence and absence of carbonate are shown in Fig. 2 . The absorption maxima of 5-Br-PAPS and the uranium(VI)-5-Br-PAPS complex were found at 445 and 578 nm, respectively, and an isosbestic point was found at around 500 nm due to the formation of the 1:1 uranium(VI)-5-Br-PAPS complex.
Effect of reaction time
The effects of the reaction time on the formation of the uranium(VI)-5-Br-PAPS complex were examined using varying concentrations of carbonate ion (Fig. 3) . Good linearity was found between the concentration of carbonate and the absorbance measured at a fixed reaction time over the range (10 -30 s) studied. 
Effect of ionic strength
The effect of the ionic strength on the proposed method was examined according to the general procedure with varying concentrations of sodium chloride up to 0.5 M. In the presence of carbonate ion a constant and maximum absorbance of the uranium(VI)-5-Br-PAPS complex was obtained in a sodium chloride concentration range of 0.05 -0.5 M.
Removal and masking of interfering ions
Preliminary experiments revealed that phosphate ion gave a serious negative error for the determination of carbonate ion. Therefore, the removal of phosphate ion was necessary before obtaining a successful determination of carbonate. The coprecipitation of phosphate ion with aluminum hydroxide9 was examined for this purpose, as described in the procedure for the pretreatment of the sample water. The effects of phosphate ion up to 112 µM on the determination of 150 sM carbonate in 25.0 ml of the sample solution was successfully eliminated by adding 50 µmol of aluminum ion. The effect of cations could be masked by the combined use of CyDTA and ethylenediamine.8 It was found that 7500 sM sulfate, 3000 sM bromide and magnesium(II), 1200 µM calcium(II), 150 sM fluoride, molybdenum(VI), zinc(II), iron(III) and nickel(II), 1.5 sM vanadium(V), and 0.75 µM copper(II) did not affect the determination of 150 sM carbonate in 25.0 ml of the sample solution.
Effect of pH
The effect of the pH on the formation of the uranium(VI)-5-Br-PAPS complex was examined in both the presence and absence of carbonate ion through the whole procedure, including the pretreatment of the sample solution. The pHs were adjusted in the range 6.9 -11.2 with the combined use of hydrochloric acid and ethylenediamine. The formation of the uranium(VI)-5-Br-PAPS complex in the initial 30 s was found to be strongly dependent on the pH of the solution, as shown in Fig. 4 , which was probably due to a change in the hydrated uranium(VI) species with the pH. In the absence of carbonate, the lowest absorbance was observed at around pH 9. On the other hand, the effect of carbonate ion was clearly found in the pH range 8.9 -9.9, as shown by the differences in curves A and B in Fig. 4 . The absorbances of the 5-Br-PAPS solution in the absence of uranium(VI) were also measured at 578 nm against water. The absorbances at pH 7.89, 9.31 and 9.90 were 0.017, 0.021 and 0.032, respectively.
Calibration graph
A calibration graph for the determination of carbonate was obtained according to the general procedure, including the pretreatment of the sample water. A calibration graph with good linearity was obtained for up to 5.00 µmol carbonate in a 25.0 ml of solution, corresponding to 0.385 smol carbonate in 2.485 ml of the final solution in the cell. The limit of detection was found to be 20 nmol carbonate in a 25.0 ml solution based on 3-times the standard deviation of the blank value (n=3). The absorbance corresponding to 3.75 smol carbonate in 25.0 ml of the solution was 0.296, and the relative standard deviation was 1.7% for 7 determinations. Determination of carbonate ion in water The proposed method was applied to the determination of carbonate ion in sea and tap water. A seawater sample which had been stored in a refrigerator for 2 months after filtration through a 0.45 µm membrane filter was used. Aliquots of 1.00 ml of the seawater were diluted to 25.0 ml with fresh distilled water and subjected to the determination of carbonate. The concentration of carbonate ion was found to be 1.82 mM (n=3) with a relative standard deviation (RSD) of 4.9%. The recoveries of 1.25 and 2.50 tmol of carbonate were 96% (n=3) and 100% (n=2), respectively. The concentration of carbonate in 50.0 ml of the seawater determined by the titration method was found to be 1.84 mM (n=3) with an RSD of 7.1%. The results of both methods were in good agreement with each other. A tap-water sample was taken after running the water for more than 1 h and used without filtration. Portions of 5.00 ml of the tap water were diluted to 25.0 ml with fresh distilled water. The concentration of carbonate ion was found to be 0.280 mM (n=6) with an RSD of 3.6%. The recoveries of 2.50 and 3.75 µmol of carbonate were 101% and 100%, respectively. The concentration of carbonate in the tapwater sample taken on different days was found to be 0.277 mM (n=3) with an RSD 3.6% and 0.288 mM (n=3) with an RSD of 3.2%, in 5.0 and 7.0 ml of sample aliquots, respectively.
It was safely concluded that the proposed method has no systematic error.
